Introduction
Decisions concerning how the firm will access the technology are crucial since these decisions affect its future performance (Lanctot and Swan, 2000) and also determine business success (Fahy, 2002) . Performing exclusively in-house research and development (R&D), exclusively externalizing R&D or combining the internal and external sources of technology are the main R&D strategies 3 (RDSs) by which firms portray the innovation strategy. Despite their importance, RDSs effects on firm innovative performance is a topic very little research (Tsai and Wang 2007) throwing mixed and inconclusive results and this paper attempts to contribute to the extent literature.
To ascertain the effect of the in-house (make), external (buy) and the combination of both (make-buy) RDSs on the firm innovative performance is the aim of this paper. Based on the open innovation, innovation network and absorptive capacity theoretical approaches, as well as on empirical evidence, we hypothesize that all RDSs will produce positive results on firm innovative performance, but the make-buy strategy will produce the greatest impact, 1 Autonomous University of Barcelona. Contact author: claudio.cruz@uab.es 2 Public University of Navarra.
3 whereas the lowest impact is generated through the buy strategy. We also hypothesize that the effects of the RDSs are contingent to the technological intensity level (TIL); thus, the effect might vary across industries having a lower or greater effect on firm innovative performance. Some studies have measured the effect of the internal and external RDSs on firm performance measured as a likert scale of global firm performance (Lanctot and Swan, 2000; Haro-Dominguez et al., 2007) , some others as firm's ROA (Diaz-Diaz, et al., 2008; Zhara, 1996) , others as the sales due to new products (Veugelers and Cassiman, 2006; ) and as new product innovation (Chen and Yuan, 2007; Poon and McPerson, 2005) . Here, we intent to evaluate their effect on firm innovative performance and we proposed general innovations (product and/or process); number of product innovations; product innovations and process innovations as four innovation outputs.
We believe that measuring the RDSs in this way has some advantages over the other types of performance measurement. First, since R&D activities are aimed to develop new products and processes (OECD, 1997) , we are measuring their efficacy. Second, it allows measuring objectively the direct effect on the innovation output, avoiding subjective perspectives. Third, depending on the stage of the industry technology life-cycle, the focus of product or process innovation might vary (Abernathy and Utterback, 1978) 4 , thus we are controlling for the different stages of the technolical life-cycle. Furthermore, this paper is also differentiated from previous research since most of it only evaluated the effects of the RDSs on product innovation, overlooking the need to evaluate the effects in process innovations.
A new understanding claim in this study is that due to the inter-industries differences, like appropriability (Cohen and Levin, 1989) , knowledge environment (March, 1991) and technology life-cycle (Damanpour and Aravind, 2006) , the RDSs effects on firm innovative performance will be moderated by the TIL. In addition, most studies have focused on the hightechs, such as biotechnology and electronic, while little research has analyzed the effects of RDSs on innovative performance for low and medium-techs (Tsai and Wang, 2009) and this is a problem we want to cope.
The sample used for testing the hypotheses embraces 13'128 observations corresponding to 1'478 Spanish manufacturing firms for the unbalanced panel from 1992-2005.
Random-effects logit models and random-effects negative binomial regression model are estimated in order to control for time effects and the unobserved firm-specific effects. It is worth mentioning that the most prominent research performed in this field has been developed by analyzing cross-sectional samples (i.e. Veugelers and Cassiman, 2006; Schmiedeberg, 2008) 4 while due to the panel structure of our sample we had the opportunity to include the RDSs variables lagged allowing to improve the prospects of valid causal inference (Baum, 2006) . In addition, by lagging the RDSs we endeavor to observe if their effects stand for a short and/or long-term.
The paper is organized as follows. In the next section we present the theoretical background and previous empirical research used for constructing the hypotheses.. We also discuss the roll of the TIL and the common determinants of product and/or process innovations.
In the third section the sample is described as well as the variables' operationalization and the models. Results analyses are presented in the fourth section. Finally, the conclusions and implications are reserved for the fifth section.
Theoretical background 2.1 Innovation strategies and firm innovativeness
The main theoretical support for the positive relationship between R&D activities and firm performance is well-known Grilliches ' (1979) R&D Capital Stock Model, which stresses the relationship between R&D expenditure, innovations achievement and productivity growth.
The three major issues in measuring this Capital are that the R&D effects are lagged; the growth of the Stock is not the R&D investments due to R&D depreciation and; the performance of firms within one sector will also depend on the R&D achieved on other sectors due to the knowledge spillover.
The second theoretical support of the effect of R&D on firm performance is the Active Learning Model (Pakes and Ericson, 1998) . This model argues that the relationship between R&D and firm performance runs through the achievements of process innovations that once implemented will increase the firm productivity.
Although there is a common agreement of the positive effects of R&D activities on firm innovativeness, the empirical literature on analysing the different available models to achieve R&D, make, buy or make-buy, and their impact on firm performance is scarce (Jones et al., 2001) . But how do firms achieve their R&D activities? Do different business models to achieve the R&D have the same impact on firm performance?
Make vs. buy effects on firm innovativeness
The buy strategy is supposed to have advantage over make in the sense that it is more reliable and the results are more predictable (Kessler and Bierly, 2002) . In addition, it allows risk calculation a priori, offers a solution to capacity problems, increases the speed of accessing new technology and reduces risk (West, 2002) . And finally, it also allows access to new knowledge areas (Haour, 1992) through the productive networks created (Nishiguchi, 1994) .
On the other hand, Narula (2001) argues that buying implies costs of negotiating and enforcing the contracts, which are considerable high. Likewise, the firm could get only codified results and not the accumulated knowledge and, finally, there is a lot of chance of opportunistic behaviour. External dependences, functional inequalities, and coordination problems are further factors affecting the buy strategy and thus reducing its impact on firm performance (Kotable and Helsen, 1999) .
It is argued in the literature that developing in-house R&D facilitates the information flow within the R&D department and those involved in the innovation process (i.e. manufacturing). Likewise, it allows an objective valuation of real innovation needs and constitutes a unique source of knowledge (West, 2002) , scale economies being enhanced, transaction cost evaded and barriers to imitation constructed (Contractor and Lorange, 1988) .
However, the make strategy is risky and the results are less predictable, product commercialization is time-demanding and the firm could remain isolated in one specific technology if the R&D department is not flexible (Perrons and Platts, 2004) .
Empirical evidence of the effects of the make and buy strategies upon firm innovativeness is scarce and somehow controversial. Interestingly, the buy strategy always had negative effects in those studies where it was the only RDS evaluated. Kessler et al., (2000) , analyzed how RDSs affect new product development and found that buying during the idea generation was negatively related with product competitive success and that externalization during the technological development lowered innovation speed. Lanctot and Swan (2000) developed a scale for measuring the firms' tendency to externalize technology development and discovered a negative effect of externalization of product and process technology on firm success. Finally, Fey and Birkinshaw (2005) found a negative relationship between contracting R&D and the creation of new products and technologies.
Results of studies where both the make and buy strategies were analyzed are quite diverse. Jones et al., (2001) observed in their results that external R&D detracted significatively firm performance in terms of product, market and financial measures but the make strategy had a positive effect on new product development. In the study developed by Diaz-Diaz et al. (2008) both internal and external R&D increased the probability for achieving innovations. It is worth mentioning that even if they had a panel set, they did not include the RDS lagged, thus, causal effects were not observed.
Some empirical evidence found that internal R&D produces better results than external R&D. For example, Beneito (2006) found that the buy strategy had positive effects on incremental innovations -utility models-while the make strategy had positive effects on both incremental and radical innovations -patents-. Haro-Dominguez et al. (2007) and Chen and 6 Yuan (2007) observed positive effects of external and internal R&D on new product development, although, the effects were higher for the internal R&D.
Complementarity of strategies
The foundation of the complementarity argued in the open innovation and innovation network approaches is that to date products are more complex since they must be technologically feasible and economically viable and this complexity requires multidisciplinary knowledge that, sometimes, could be exclusively found beyond the firms' boundaries, requiring the combination of internal and external R&D (Iansiti, 1997) .
The open innovation approach stresses that firms have changed from the closeinnovation process to a more open innovation process, in which the knowledge and technology flows are twofold: inside-out and outside-in. On one hand firms profit from the technological innovations achievements (i.e. through licenses agreements, spinoffs) and; on the other hand, they search new technologies and ideas outside their boundaries (Chesbrough, 2003) .
According to Enkel et al. (2009) , the open innovation is the combination of internal and external ideas and technologies in order to achieve new products, processes and technologies and reduce time to market. As a consequence, those firms acting with a close-innovation perspective will reduce their knowledge-base on a long-term basis (Koschatzky, 2001) .
The innovation network approach, argues that networking, firstly, enables and supports inter-firm learning; secondly, exploitation of complementarities becomes possible; thirdly, opens the possibility of exploring synergies through the amalgamation of different technological competences and; fourthly, innovation process is fed with extensive technological opportunities (Pyka and Küppers, 2003) .
Finally, the absorptive capacity is the most traditional theoretical approach stressing the complementarity between the make and buy strategies (Cohen and Levinthal, 1990) . Abecassis-Moedas and Mahmoud-Jouini (2008) define it as firm's ability to recognize the value of external knowledge, to assimilate and apply it to commercial ends. It is through the internal R&D activities how firms enable their capabilities of scanning and integrating the external knowledge (Arora and Gambardella, 1990) and without these capabilities firms will not make the most of the buy strategy.
Empirical evidence of complementarity between make and buy strategies on firm innovativeness is scarce. Beneito (2006) observed that external R&D had no effects on innovation output per se; however, when it was combined with the internal R&D, positive effects arose. Based in the supermodularity and productivity approaches Veugelers and Cassiman (2006) found support for this complementarity. They observed that the make-buy strategy had the highest impact on sales due to new products. Following the same methodology, Schmiedeberg (2008) did not observe any trace of complementarity between internal and external R&D, neither for sales due to new products nor for patents achievements. Jones et al. (2001) Finally, interesting results are those of Tsai and Wang (2007; . In 2007, they concluded that external R&D had no effect on firm performance when used in isolation, but its effect rather depended on internal R&D efforts. Hence, the current level of knowledge positively influenced the inward technology for improving firm performance. Later, in 2009, analyzed the inward technology for low and medium technology sectors and contradictory results emerged. Internal R&D negatively moderated the role of external R&D on sales due to new products.
In Table 1 we can observe the literature review comparison of the RDSs's effect on product and process innovations and we are able to observe the difference of this paper alongside previous literature. Observe that, from those studies comparing all RDSs (Veugelers and Cassiman, 2006; Schmiedeberg, 2008 and Wang, 2009 ), this research is the only one considering product and/or process innovations as innovation outputs; measuring the timeeffect of RDS; being able to confirm the causal effects and; considering the moderating effects of the TIL. Zahra et al. (1994) indicates that due to the rapidly changing and complex technology acquiring external R&D is a key component of the firm strategy. The open innovation and innovation network approaches stress that combining internal and external R&D is necessary to innovate when technology shifts and product complexity are high, but, do these assumptions still stand for industries where the technological shifts and the uncertainty are almost imperceptive? We believe not, since inter-industry differences determine the appropriability conditions (Cohen and Levin, 1989 ) and shape the firm technological trajectory 5 (Pavitt, 1984) , thus, affecting the RDSs selection (Cruz-Cázares et al., 2009) and the subsequent result.
TIL as a moderator
In addition, inter-industry differences, different stages of technology life-cycle and the economic conditions determine product and process innovations and some scholars claim the need for further research covering these circumstances (Damanpour and Aravind, 2006) .
Certainly, the levels of change and complexity of technology depend on the technology lifecycle and the attractiveness of a firm for investing in technology depends on the stage of this life-cycle (Haupt et al., 2007) . For example, 'the role of tacit knowledge in generating innovative activity is presumably the greatest during the early stages of life-cycle, before product standards have been established and before a dominant design has emerged' (Audretsch and Feldman, 1996, p. 270 ).
The knowledge environment is also critical to the innovation process. The difference between stable and turbulent knowledge environment, with significant variation across industries, depends on the importance given to the exploitation and exploration activities (March, 1991) . The former implies refinement, implementation and efficiency of production, mostly being used for stable knowledge environments; whereas exploration infers research, rediscovery and experimentation and is preferred for unstable environments (Van den Bosch et al., 1999).
Hypotheses
Drawing from the above mentioned, we have enough support for call the first hypothesis. Based on the R&D Capital Stock Model (Grilliches, 1979) , the Active Learning Model (Pakes and Ericson, 1998) , as well as taking into account the existent empirical evidence, we hypothesized that all RDSs will have positive effects upon firm's general
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H1: All R&D strategies will have a positive effect on firm's innovative performance.
However, we do not expect that all RDSs will have the same impact on firm innovativeness. Considering the open innovation (Chesbrough, 2003) , innovation network (Pykes and Küppers, 2003) and the absorptive capacity (Cohen and Levinthal, 1990) theoretical approaches, and based on previous empirical research (i.e. Veugelers and Cassiman, 2006; Schmiedeberg, 2008) we believe that the make-buy strategy will produce the largest effect on firm's innovation performance because innovations mainly occur through the combination of ideas, resources and technologies (Fey and Birkinshaw, 2005) .
H1a:
The make-buy strategy will have the highest impact on firm's innovative performance.
Finally, despite the flexibility gained through the externalization of the R&D activities, coordination problems, transactional costs and functional inequalities emerge when externalizing R&D (Kotable and Helsen, 1999) and some research had found empirical evidence of these limitations (i.e. Kessler et al., 2000; Fey and Birkinshaw, 2005) . Thus, based on these theoretical and empirical evidence we consider that the buy strategy will have the lowest impact on firm's innovative performance.
H1b:
The buy strategy will have the lowest impact on firm's innovative performance.
Our second hypothesis is driven from the inter-industries differences. We consider that the different technological life-cycle stages, appropriability conditions and the technological trajectory might shape the innovation outputs. Thus, the effect of the RDSs will be moderated by different TILs.
H2:
The effects of the R&D strategies on firm innovative performance will be moderated by the technological intensity level.
In Figure 1 we can observe the model design aimed to be ascertained in this paper. 
Determinants of product and process innovations
Apart from the RDSs, we consider that there are organizational and environmental factors determining the innovation output.
Organizational determinants
Firm size, diversification, firm internationalization and technological knowledge are the organizational determinants most used in the literature for explaining the product and process innovations (Damanpour and Aravind, 2006) . Traditionally, it is stressed that firm size has a linear relationship with firm innovativeness (Schumpeter, 1934) . However, it is argue that small firms detect discontinuous opportunities and transform them into new products and processes (Utterback. 1994 ). On the contrary, large firms have more economical and organizational resources facilitating innovations (Afuah, 2001) .
The degree and depth of firm technological knowledge is supposed to foster innovation since diversified backgrounds and skills facilitate the understanding and creation of new ideas (Damanpour and Aravind, 2006) . Clarke (1993) proposes the hypothesis that diversified firms have more incentives to innovate than specialized firms because the results of the R&D would be valuable for the firm no matter the final result. Finally, we also consider that internationalization favors innovation through the increase of firm's market size (Galende and Suarez, 1999 ) since firms must be more efficient -developing process innovation-and because the presence in foreign markets demands new technological advanced products (Martinez-Ros, 1999).
Environmental determinants
Market competition incentives productivity (Metcalfe, 2006) and fosters product innovations, enabling firms entry into new markets (Kraft, 1990) . Schumpeter (1943) proposes that in less concentrated markets, with monopolist condition, firms have incentives to innovate since they can more easily appropriate the returns of innovations. In contradiction, Arrow (1962) argues that firms' gains from innovations are larger in competitive industries than in monopolistic ones. Finally, Scherer (1980) stated that insulation from competitive pressure originates bureaucratic inefficiency that inhibits innovation.
The growth of demand is another environmental factor affecting the firm innovativeness. However, due to lack of theory and the mixed empirical results, there is not a common agreement if it favors product or process innovations. Some authors found that growth of demand encourages both product and process innovations (Kotable, 1990; Martinez-Ros, 1999) , whereas others observed negative effects on product innovations (Lunn, 1987) . the Public Enterprise Foundation (FUNEP), it is random and stratified according to the industry sector and firm size (Fariñas and Jaumandreu, 2000) . It provides information on markets, customers, products, employment, outcome results, corporate strategy, human resources, and technological activities. The aim of the SBS is to document the evolution of the characteristics of and the strategies used by the Spanish firms. This survey is really valuable since relatively few data sets contain information at firm level over several years (Leiponen and Helfat, 2003) (2001) and Miotti and Sachwald (2003) , innovative and non-innovative firms are included in the panel in order to avoid bias in the sample.
Data, variables and model
The final sample comprises 13,128 observations corresponding to 1,478 firms from which 312 answered during the whole panel (21.10 %). In Table 2 we can observe the percentage of innovative firms divided by TIL. The firms that achieved general innovations, that is, those who have achieved product and/or process innovations, correspond to the 40.18%.
We can observe that the percentage of firms that achieved product innovations (22.72%) is smaller than those which achieved process innovations (30.96%). We are able to infer a direct relationship between the firm innovativeness and the TIL. See that the 50.72% of high-techs accomplished general innovations, while 32.27% of the low-techs succeeded in accomplishing them.
In Table 3 we present the descriptive of the innovations achieved for each TIL and the type of RDSs. In the first column we observe that the 42.77 % of firms that achieved general 12 
R&D Strategies Product innovation (percent) Number of Product innovation (mean)
innovations did not accomplished any RDSs 8 . We see that this percentage decreases as the TIL increases. This shows that for high-techs, innovations mostly depend on R&D activities and they mainly rely on the make-buy strategy (42.58%); while for low-techs the distribution is uniform between the make and make-buy. For all the TILs, as well as for the entire sample, the buy strategy is the less selected (5% aprox.). For firms innovating in process we also observe a direct relationship between the use of the make-buy strategy and the TIL. Again, the buy strategy is the less pursued.
Observe that the mean of the number of product innovations is lower for high-techs (7.44) than for low (10.47) and medium-techs (10.95). This does not mean that high-techs are less innovative than their counterparts. If we call for descriptive in Table 2 , we can clearly see that the most innovative firms are those in high-tech sectors. Rather, Table 3 indicates that innovations achieved in high-techs are more time-consuming and difficult achieve than innovations in low and medium-techs.
Variables operationalization
Dependent variables
In order to have a broad measurement of effects of RDSs on firm innovative performance we propose four different types of innovation output. Also, we try to identify if depending on the type of innovation, the RDSs will have different effects. The first variable, general innovation, labeled as INNO, takes the value of 1 if the firm achieved product and/or process innovation at time t, and 0 otherwise. We consider that not only the fact of innovating but rather the amount of innovations achieved should be evaluated. Thus, the second dependent variable is the number of product innovations (NPI) achieved at time t. This variable is a count (Table 3) , we also consider the product innovation variable (PI) with a dichotomous character as the third dependent variable, in order to obtain robust results. Finally, process innovations (PRI) variable, measured as a dichotomous one, takes the value of 1 if the firm achieved process innovations at t, and 0 otherwise.
Independent variables
The three main independent variables are the different RDSs: make (MAKE), buy (BUY) and; make-buy (MAKE-BUY). The reference category in all models is the non achievement of R&D activities (NO_R&D). These variables are mutually exclusive and are coded as dichotomous since we want to know if the fact of achieving one RDS per se leads to better results than other strategies. All RDSs are included in the model at t-1 and t-2, aiming to observe whether their effects remain for a short and/or long-term and to validate the causal effects 9 proposed in the R&D Capital Stock Model.
Variables with a dichotomous character are included in order to control the interindustry differences when estimating the entire sample model. These variables account for low (LOW-TECH), medium (MED-TECH) and high-techs (HIGH-TECH). When disaggregating the sample, these variables are removed from the model. The variables used for tackling the environmental determinants are the number of competitors and the market dynamism in the firm's main market. The former, is used as a proxy of the market competition (MK-C) and takes value of 1 if the number of competitors is less than 10; 2 if it is between 10 and 25; 3 for more than 25 competitors and; 4 if the market is atomized. The market dynamism (MK-D) represents the market demand and it takes the value of 1 if the market is recessive; 2 if it is stable and; 3 for expansive markets. Both variables are introduced in the model at time t. Finally, dummies are included for each year in order to control for the temporal effects.
Due to the inter-connection of product and process innovations from demand/consumer perspective (Bhoovaraghavan et al., 1996) , we consider the same determinants for both of them. Correlations, means, and standard deviations for the complete sample are presented in Table 4 . Observe that the VIF coefficients are considerable lower than 5, therefore, we can conclude that the estimates are not biased due to multicolineality (Chatterjee et al., 2000) .
The model
The first model is estimated measuring the achievement of innovations (INNO). The second model assesses the effects of the RDSs on the number of product innovations (NPI).
The third model takes the product innovation (PI) as a dependent variable and, process innovation (PRI) is the dependent variable in the fourth model. In order to solve the endogeneity and the unobserved heterogeneity within the units in the sample, we estimate random-effects logit model for the INNO, PI and PRI dependent variables, which could be expressed as:
In order to control for time effect, λ t is included and represents the time effect that is common to all firms. ε it is the error term which include unobservable firm-specific effects, µ i , and random-time varying effects, υ it . Thus, ε it= µ i + υ it For the number of product innovation variable (NIP) we estimated a random-effects negative binomial regression since the dependent variable is a count 10 .
As we argued in the theoretical section, aiming to analyze the moderating effect of the TIL on RDSs effects, we disaggregate the sample in low, medium and high-techs, following the CNAE-93 classification and re-estimate the models for each subsample. In the first column we present the estimates for the complete sample. These results give support for H1, that is, all RDSs have positive effects on firm's general innovation -see the positive and significant coefficients. As observed, the coefficients of the make-buy strategy at t-10 Count data have traditionally been estimated using the Poisson regression which assumes that the variance equals the mean of the dependent variable. In the absence of overdispersion, when the variance exceeds the mean, Poisson model fits well, but if overdispersion exists estimates may be biased. The negative binomial regression is an alternative since it follows a Poisson distribution but assumes that the unobservable heterogeneity exists (Arrocena and Núñez, 2009).
Results
General innovation
1 (1.0759) and t-2 (0.4316) are the largest for each time t, indicating that this strategy produces the greatest impact on firm general innovativeness, confirming H1a. Observe that the effect of the make-buy strategy lose its strength more than a half at t-2.
Despite the difficulties argued in the literature for externalizing the R&D (Narula, 2001) , the buy strategy has a positive impact on firm innovativeness; nevertheless, its effect is only visible at t-1 and the coefficient is the smaller (0.7115), giving support to H1b which stated that the buy strategy would produce the lowest impact on firm's innovative performance.
The inexistent effect of this strategy at t-2 shows its short-term performance.
The make strategy has also positive and significant effects at t-1 and t-2, however the coefficients are smaller than those from the make-buy strategy. Observe that the difference in the magnitude of the coefficients of make and make-buy at t-1 is not so high, but this difference increases considerably at t-2, the impact of the make-buy strategy is twice the impact of the make strategy, showing the long-term effect of the make-buy RDS.
In order to test H2, whether the effects of the RDSs are moderated by the TIL, we disaggregate the sample in three subsamples for covering the low, medium and high-tech sectors and find empirical support for it. First, from the model of the entire sample, we can appreciate that the variable HIGH-TEC is positive and significant, indicating that firms belonging to this sector are more innovative than low-techs, the reference variable. The main support for H2 is that buying, which is significant at t-1 for the entire sample, ceased to be effective for high-techs at t-1 and t-2. In addition, the make and make-buy strategies, apparently significant for the entire sample at t-2, are now significant only for high-techs. Thus, we can clearly observe that the effects of the RDSs on firm's general innovation vary across different TILs. Observe that for high-techs, the make strategy has the greatest impact (1.0449) followed by the make-buy strategy; however, the later is higher at t-2. These results give us a sight that the scope of R&D activities for high-techs is bigger since the positive effects on innovation last two years, while the scope for low and medium-techs is smaller since it has a short-term performance.
As for the organizational determinants, we find total support for the Schumpeterian hypothesis that there exist a positive and direct relationship between firm size (In-Size) and firm innovativeness. In Table 5 we observe that for the entire sample and for all the three TILs there is a positive and significant effect. The technological knowledge (T-KN) of a firm is supposed to facilitate innovation (Damanpour and Aravind, 2006) , but for our analysis we only find evidence for the entire sample and for low-techs.
Firm diversification (DIV) seems to be also a determinant of the firm innovativeness.
The model for the entire sample shows a positive effect, indicating that the more diversified a firm is, the probability of innovating increases. The same firm behavior is present for medium and high-techs. However, firm diversification does not seem to affect the general innovation of low-techs.
In Table 5 we find partial support for Galende and Suarez's (1999) argument that firm's internationalization (EXP) favors innovation since there is a positive and significant effect for the entire sample and low-techs. Medium and high-techs do not tend to innovate more if they are internationalized.
The Schumpeterian hypothesis of innovative behavior due to monopolistic conditions holds exclusively for low-techs since we have a negative and significant effect of the MK-C variable, indicating that the lower the number of competitors, the higher the probability for innovating. On the other hand, market dynamism (MK-D) encourages firm innovativeness for the entire sample and for low-techs.
Product innovation
Estimates for the number of product innovations are shown on Table 6 . Again, Wald Statistic and log likelihood show a good fit for all models. Observe how the high significance of the dispersion parameter α in all models confirms the suitability of the random-effects negative binomial estimates. Hypothesis H1 is confirmed since, for the entire sample, all RDSs have positive and significant coefficients at t-1. The make-buy strategy still presents the largest coefficients at t-1 (0.8468) and t-2 (0.3946), giving support for H1a. The buy strategy has positive effects only at t-1 and the coefficient has the lowest magnitude at t-1 (0.4049), confirming H1b.
Results of previous research that internal R&D activities increase new product development (Diaz-Diaz et al., 2008; Schmiedeberg, 2008) are confirmed but only for low and high-techs at t-1. Interestingly, this strategy has almost the same effect (1.0026) than the makebuy strategy (1.0004) for high-techs, giving us an insight of the equivalence of these strategies for high-techs regarding the number of product innovations. The make strategy at t-2 is only significant for low-techs. These results indicate that the make produces positive results in a short and long-term for low-techs, while it has only a short-term effect on high-techs and a null effect for medium-techs.
Entire-Sample Low-Tech Med-Tech High-Tech
MAKEt-1 0.7626*** 0.7453*** 0,2981 1.0099*** (0.000) (0.000) (0.113) (0.000) BUYt-1 0.4049*** 0.5069*** 0.4634** 0,2469 (0.001) (0.006) (0.048) (0.245) MAKE-BUYt-1 0.8468*** 0.7251*** 0.7280*** 1.0070*** (0.000) (0.000) (0.000) (0.000) MAKEt-2 0.3065*** 0.4127*** 0,3077 0,2040 (0.000) (0 year effects (λ λ λ λτ τ τ τ) ) ) ) In line with Haro-Dominguez et al. (2007) , we observe a positive effect of the R&D externalization on new product development for low and medium-techs. Nevertheless, the buy strategy seems not to be useful for increasing the number of product innovations for high-techs when used in isolation. The effects of the buy strategy at t-2 are absent for all the three subsamples.
The complementarity between the make and buy strategies seem to be the key strategy for increasing the number of product innovations since the make-buy strategy produces positive and significant effects for all the different TILs at t-1. The effects of the make-buy strategy endure at t-2 for low and med-techs, but for high-techs the effect is minor (at the 6.4% of confidence). Observe that, for high-techs the effects of the RDSs are only significant at t-1, whereas low-techs have also a long-term effect on the probability of increasing the number of product innovations, achieving the make and make-buy strategies at t-2. Here might be the 20 answer of why the high-techs accomplish less product innovations than their counterparts.
Based on the differences above mentioned, there is clear evidence that the TIL is a moderator of the RDSs effects, confirming H2.
In Table 6 we observe that effects of firm size (In-Size) and technological knowledge (TK-N) on the number of product innovations are also moderated by the TIL. For low-techs they are determinants that increase the number of product innovations, while for medium and high-techs the fact of being a large firm or having high technological knowledge do not increase the number of product innovations.
The assumption that firm diversification (DIV) increases product innovations since it helps in spreading the risk assumed when innovations are achieved (Cabagnols and Le Bas, 2002) only holds for high-techs. We find this very logic since the technology developed in these sectors might have different applications, thus favoring diversification. Remarkable is the negative and significant coefficient obtained for low-techs, which indicates that the more diversified a firm is, the number of product innovations decreases. This inverse effect of the variable upon low and high-techs might have annulled significance for the entire sample.
The effect of firm's internationalization (EXP) is only significant for the entire sample, but when disaggregating the sample, this effect vanishes. Finally, the environmental variables of market competition (MK-C) and dynamism (MK-D) did not result significant neither for the entire sample nor for the different TILs.
As mentioned before, in order to obtain robust results, we estimate the models presented in Table 7 considering the product innovation with a dichotomous character. Satisfactory goodness of fit is guaranteed for all the models -see Wald Statistics and log likelihood. All the hypotheses argued before (H1, H1a, H1b and H2) still hold for these models. The first difference between these estimates and those presented in Table 6 is that the buy strategy is no longer significant for low-techs at t-1. The second difference is that the make-buy strategy becomes significant for high-techs at t-2. This clearly shows that this strategy encourage the product innovation but does not necessary increases the number of innovation for high-techssee results of Table 6 Table 8 shows the estimates of the random-effects logit model for process innovation.
Process innovation
Rho test shows that panel-estimator fits better than the pooled-estimator. Likewise, goodness of fit is guaranteed through the high values of Wald statistic and log likelihood. Based on the model for the entire sample we find once more support for H1. Observe that all RDSs have a positive and significant effect for achieving process innovations at t-1. Nevertheless, the make strategy has no longer effects at t-2 for process innovations, contrary to estimates for general innovations (table 5) and product innovations (Table 6) .
Hypothesis H1a is also corroborated since the make-buy strategy has the largest coefficient at t-1 (0.6724) and it is the only one increasing the probability of innovating in process at t-2. This time, H1b can not be supported. The buy and the make strategies have practically the same magnitude of the coefficient, indicating that both strategies have the same impact on product innovation achievement. Additionally, we are able to observe that TIL moderates the effect of RDSs, supporting H2. Effects of the make strategy are limited at t-1 for the entire sample, low and high-techs. Medium-techs do not increase the probability for innovating in process when pursuing the make strategy in isolation.
The buy strategy presents the same behavior than in the estimates for number of product innovations. It is positive and significant only for low-techs. What calls our attention is that the coefficient of this strategy is the highest for this subsample, indicating that low-techs increase the probability of achieving process innovations if they perform the buy strategy, rather than the make or make-buy strategies. When this strategy is lagged two years, we can not observe any significant effect upon process innovations.
The low and medium-techs receive the positive effects of the make-buy strategy one year later (t-1) but this effect disappears the second year. Oppositely, high-techs seem to receive the benefits of jointly achieving make and buy strategies two years later, but no evidence of immediate effects (at t-1) is find. This gives us an insight that due to the complexity of the R&D activities in this sector, the innovation output lasts two years in emerge.
In line with Cohen and Klepper (1996) , the coefficient and significance of the size variable (In-Size) give once more support for the Schumpeterian hypotheses that firm size is positive related with firm innovativeness, process innovation in this case. The sign and the significance of the T-KN variable indicates that the greater the technological knowledge, the probability to realize process innovations increases if firms belong to low and medium-tech industries. This result is in line with Ettlie et al. (1984) even though they did not disaggregate the sample in different TILs.
Contrary to Lunn (1987) and Cabagnols and Le Bas (2002) , in our study it seems that low and medium-techs do not achieve more process innovations if they are diversified. On the other hand, estimates of Table 8 show for the entire sample and for low-techs that firm internationalization (EXP) foster process innovations. Schumpeterian (1943) hypothesis, which states that monopolistic firms have more incentives to innovate, finds partial support in this research. For the entire sample and for lowtechs, market competition (MK-C) decreases the probability for achieving process innovations.
These results are in line with those obtained by Martinez-Ros (1999) . Finally, for the entire sample and low and high-techs it seems that market dynamism (MK-D) incentives firms to be more efficient through the achievement of process innovations in order to supply the market needs. 
Conclusions
What effect do the RDSs have upon firm innovative performance? Are the effects the same for all RDSs? For how long last the effects of the RDSs? Are the effects of the RDSs contingent to the TIL? Answering these questions was the main objective of this study. Unlike previous studies, in order to evaluate the effects in a greater extent, we consider four measures of firm innovativeness: general innovations, number of product innovations, product innovations and process innovations.
For answering the research questions we proposed four hypotheses and we found support for all of them. Firstly, we observed that all RDSs -make, buy and make-buy-have a positive effect on firm innovativeness one year later they are achieved. Secondly, although the three RDSs produce positive effects on firm innovativeness, their impact is not the same.
Following the absorptive capacity (Cohen and Levinthal, 1990) , the open innovation 24 (Chesbrough, 2003) and the innovation network (Pyka and Küppers, 2003) approaches, we hypothesized that the make-buy strategy would have the higher effects, and results gave us support for this hypothesis. We observed that this strategy have the highest impact for all innovations outputs at t-1 and t-2, being able to highlight the existence of complementarity between make and buy since, when combining them, the effects are higher and last longer.
Thirdly, the buy strategy, used in isolation, is the one producing the lowest impact for all innovations outputs and it has a short-term effect. Fourthly, unlikely previous research, we considered that the inter-industry differences might lead to different patterns of technology lifecycle, higher, or lower, uncertainty and complexity of technology as well as different conditions to the appropriability; in consequence, we hypothesized that the effects of the RDSs on firm's innovative performance would be moderated by the TIL. When disaggregating the sample into low, medium and high-techs, some remarkable changes in the effects or the RDSs emerged, confirming our hypothesis. This might indicate that previous studies performed with a heterogeneous mixture of TILs, the effects of the RDSs were overestimated. In addition, we observed that including the control variable of TIL -for the entire sample model-is no enough for correcting this bias.
We are able to draw some conclusions derived from two different streams, the RDSs and the TIL perspectives. As for the former, we observed that all RDSs are more projected to achieve product innovations than process innovations and their effects last long for product innovations. This behavior is only visible when disaggregating the sample. As considered in the R&D Capital Stock Model, the effects of the R&D activities are lagged, but we observed that the maximum impact of the RDSs on firm's innovative performance is one year later after they were achieved. The second year, the effects only produce half of the results they caused in the first year.
Considering the product innovation as the innovation output, the make strategy only has a positive impact for low-techs two years later. This strategy, per se, does not produce positive results for medium and high-techs; rather, they need an extra effort to maintain the effects of the R&D activities two years later; to say so, they need to look for the complementarity of the make and buy strategies.
Some studies found that the buy strategy did not affect the innovation output (Schimiedeberg, 2008) , or affected it negatively (Lanctot and Swan, 2000) . In our study we found the first conduct but only for high-techs. This means that in sectors where the technology shifts and uncertainty are high, the buy strategy, used in isolation, does not have a positive effect on firm's innovative performance. This strategy is a complement to increase the effect of the make strategy in these sectors. In contrast, the buy strategy seems to produce positive 25 results for markets with lower technological uncertainty. We might say that due to the less specificity and complexity of products and processes, externalizing the R&D activities is enough for achieving innovations for low-techs.
The make-buy strategy has consistent effects for all TILs at t-1, but two years later the effects are moderated by the industry characteristics. If we consider firm's general innovation output, it only has positive effects for high-techs. For increasing the number of product innovations the effect is only for low and medium-techs. Finally, for process innovations, this strategy affects exclusively high-techs.
As for the TIL perspective, we can conclude that high-techs are more innovative but the innovations are more time-consuming and difficult to achieve, they seem to obtain less number of product innovations than low and medium-techs. Also, the scope of the R&D activities seems to be wider for high-techs since the effects of these activities essentially remain two years. Internal R&D is the key strategy at a short-term whereas the make-buy strategy has better effect at long-term, giving an insight that time is needed to codify and integrate the external knowledge. For low-techs, where the technology shifts and uncertainty are lower, achieving product and process innovations through R&D activities results easier for them. This might be due to the fact that products and processes in these industries are less sophisticated, and innovating requires less effort for coming up with new ideas, designs and materials.
This study has important academic and practical implications. From an academic point of view, this research firstly evaluates in a broad perspective the effects of the RDSs, including different innovation outputs and three scenarios based on TILs. Secondly, support for the open innovation, innovation network and absorptive capacity approaches are found in this study since the make-buy strategy produces more innovations and its effect last longer. Thirdly, we ascertain that the results of the RDSs on firm innovative performance are moderated by the TIL. Fourthly, Schumpeterian hypothesis about the relationship of firm size and innovation is mainly supported in this study; increasing the number of product innovations is not determined by the firm size. Fifthly, the negative relationship of market concentration and firm innovativeness proposed by Schumpeter (1943) holds for low-techs and for the entire sample models. Sixthly, this paper also shows that academicians should not leave apart the potential effects of the RDSs on firm process innovations. Finally, most of previous researches used cross-sectional data whereas due to the nature of our sample, we are able to validate the causal effects of the RDSs on firm's innovation performance and to ascertain when the RDSs produce the best results.
From a practitioners' point of view, this research has showed that combining internal and external sources of R&D is the way to guarantee product or process innovations and it is 26 mostly needed for highly technological industries. In addition, practitioners might be aware that relying exclusively on external R&D will be a competitive strategy only for low-tech industries and it will have a short term period. Finally, for policy-makers this research might help in planning the way the governmental aid for R&D should be channeled depending on the desired industry and the result sought.
